can lower the apparent inhibition constant for AMP up to 10-fold by enhancing the binding of AMP to FBPase (14) . Because the concentration of AMP in vivo is relatively constant, the inhibitory effect of AMP will vary with respect to F26P 2 levels.
FBPase is a homotetramer with four identical subunits (M r = 37,000) ( Figure 4 ). Each subunit has binding sites for F16P 2 , F26P 2 , and metal ions, which taken together define the active site, and a distinct allosteric AMP binding site (12, 15, 16) . If the dynamic loop cannot form the disengaged conformation due to mutation, then the freeenergy levels of the I T -and T-states may be nearly equal, resulting in substantial activity in the presence of saturating AMP. The mechanism of maintaining the conformation of the dynamic loop in the engaged conformation in the T-state or I T -state is still unknown.
EXPERIMENTAL PROCEDURES
Materials ⎯ F16P 2 , F26P 2 , NADP + , and AMP were purchased from Sigma. DNA-modifying and restriction enzymes and T4 polynucleotide kinase, and ligase were from Promega.
Glucose-6-phophate dehydrogenase and phosphoglucose isomerase came from Roche Applied Sciences. Cibracon Blue sepharose resin, DEAE sepharose resin, and G-50 resin were purchased from Sigma. Other chemicals were of reagent grade or equivalent. Kinetic Experiments-Assays for the determination of k cat and specific activity ratios at pH 7.5/9.5 employ the coupling enzymes, phosphoglucose isomerase, and glucose-6-phosphate dehydrogenase (3). The reduction of NADP + to NADPH was monitored by absorbance at 340nm. Other kinetic assays use the same coupling enzymes but monitored the formation of NADPH by its fluorescence emission at 470 nm using an excitation wavelength of 340 nm.
Assays are performed at 22 °C in 50 mM Hepes pH 7.5, or in 50 mM CAPS pH 9.5. Assay solutions contain EDTA and KCl at concentrations of 10 µM and 150 mM, respectively.
Initial rates is analyzed with programs written either in MINITAB using an α value of 2.0 (13) or by ENZFITTER (37) . The kinetic data for AMP inhibition with respect to Mg 2+ and F26P 2 inhibition with respect to F16P 2 were fit to several models, and the parameters associated with the best-fitting models of inhibition are reported below. eluted at the immediately after the NaCl gradient was initiated; however, some mutant proteins did not bind to the resins. In these cases, a flow-through sample after protein loading and/or a 20mM Tris-HCl pH 8.3 (w/o salt) sample was collected. Figure 11 and Figure 12 show the purification procedure of FBPase I53T (which bound to the DEAE sepharose resin) and I194T (which did not bind to the DEAE sepharose resins), respectively. Both SDSpolyacrylamide gels indicated no proteolysis of the purified enzymes.
RESULTS

Expression and Purification
Kinetic Experiments⎯Kinetic parameters for wild-type FBPase are depicted in Table 1 Threonine (5-fold lower relative to wild-type FBPase). Though the ratio of specific activities at pH 7.5 and 9.5 for I53T FBPase is low, the low value does not arise from the proteolysis of that mutant ( Figure 11 ). Other mutants have pH ratios comparable to that of wild-type FBPase indicating that they are free of proteolysis. In addition, this finding is consistent with results from SDS-polyacrylamide gel electrophoresis (data not shown).
The determination of K m for F16P 2 (K m F16P2 in Table 2) In the absence of AMP, the Hill coefficient for Mg 2+ is approximately 2 (Table 3) ;
however, when AMP is bound to FBPase, Mg 2+ binding loses its cooperativity (Figure 14) . The pH-activity ratio of the Thr 53 mutant is lower than that of the wild-type enzyme.
Usually the low pH ratio is considered to be the criterion of FBPase proteolysis i.e., the truncation of 25 residues from the N terminal (38) and/or the proteolysis of loop 52-72 (39).
However, the results from SDS-polyacrylamide gel electrophoresis of the pure Thr 53 enzyme did not exhibit any evidence of enzyme proteolysis. Instead, the 5-fold decrease in k cat
indicates that it may be difficult for loop 52-72 to achieve an engaged conformation in the Rstate of the Thr 53 construct. The lower pH-activity ratio effect was also observed with other mutant FBPases (21, 32) . The effects of the Thr53 mutant can be explained by the importance of the hydrophobic packing shown on Figure 15 . (Fig. 13) . The IC 50-high of the I10A mutant is comparable to that of wild-type
FBPase, but 1000-fold more AMP is required to completely inhibit the catalytic activity of FBPase relative to that of the wild-type enzyme.
As proposed in an earlier report (21) →Thr had accumulative effect. Further work on crystallography of these mutants will
be an important advance and should exhibit us more valuable information and detail. Also we can expect that disrupting the hydrophobic pocket by mutating Ile59 should reveal similar phenomenon. The kinetic mechanism of F26P 2 inhibition with respect to 
